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A B S T R A C T
Comparison of the luminescent properties of Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce single crystalline ﬁlms
(SCF) phosphors, grown by the liquid phase epitaxy method, was performed in this work. We have observed
formation of the Ce3+ multicenters in Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce in the emission and excitation
spectra as well as in the decay kinetics of the Ce3+ luminescence in SCFs of these garnets. Such Ce3+ multi-
centers possess diﬀerent crystal ﬁeld strength due to the inhomogeneous local surroundings of the dodecahedral
positions of garnet host at the substitution of the octahedral positions by hetero-valence Mg2+ and Sc3+ ions and
the tetrahedral positions by Si4+ ions. We conﬁrm the presence of an eﬀective energy transfer between diﬀerent
Ce3+ multicenters in Ce3+ doped Ca3Sc2Si3O12 and Ca2YMgScSi3O12 garnets. The positive trends in variations of
the spectroscopic properties of the Ca2YMgScSi3O12:Ce garnet with respect to Ca3Sc2Si3O12:Ce garnet were
observed also due to substitution of the dodecahedral sites of the garnet host by Y3+ ions and the octahedral sites
by Mg2+ ions, which can be suitable for the development of new converters of white LEDs. Namely, due to the
Y3+-Mg2+ doping, the luminescence spectrum of Ce3+ ions in Ca2YMgScSi3O12:Ce SCFs signiﬁcantly extends in
the red range in comparison with the Ca3Sc2Si3O12:Ce SCF counterpart.
1. Introduction
The white light emitting diodes (WLED) are displacing nowadays
the traditional light sources due to their energy saving, long lifetime,
high luminous eﬃciency and environmental friendliness [1]. At present
WLEDs, based on the blue LED chip and yellow emitting Ce3+ doped
Y3Al5O12 garnet (YAG:Ce) powder phosphor dispersed in the epoxy
resin binder, are considered as conventional devices [2]. Application of
the YAG:Ce ceramics or crystal phosphor plates for light conversion is
now also accessible for manufacturing high power WLED [3,4]. Re-
cently, the ceramic phosphors based on diﬀerent Ce3+ doped R3Al5O12
garnets and techniques for obtaining such ceramic phosphors have also
been developed [4].
Due to the ﬂexibility of the garnet structure, which allows replacing
ions in the dodecahedral { }, octahedral [] and tetrahedral () sites, it is
possible to modify the {Y}3[Al]2(Al)3O12 garnet for optimization of the
Ce3+ spectroscopic properties for requirements of applications in
WLED. Nowadays the new class of garnet phosphors based on Ce3+
doped A3B2C3O12 (A=Ca, R=Y and rare earth ions; B=Mg, Sc, Al,
Ga; C=Ga, Al, Si) silicate garnets are proposed also for creation of
high-power white LEDs [5–13]. The spectroscopic properties of Ce3+ in
some garnets containing Ca2+, Mg2+ and Si4+ in the dodecahedral { },
octahedral [ ] and tetrahedral () sites, respectively, have been published
recently as well [5–8]. It has been shown that Ca3Sc2Si3O12:Ce garnet
exhibits even less thermal quenching than YAG:Ce [5].
Recently the ceramic samples of Ce3+ doped {Ca2R}[B2-xCx](Si3-y
Cy)O12:Ce (R=Y, Lu; B= Sc, Ga; C= Ga, Al; x, y= 0–1) and
Ca2YSc2Si3O12:Ce garnets were crystallized by hydrothermal method
for application as LED converters and their luminescent properties were
investigated by some of us [14,15]. In works [16,17] we presented also
the ﬁrst attempts to obtain Ca2RSc2Si3O12:Ce (R=Y, Lu) and
Ca3Sc2Si3O12:Ce garnets in the form of single crystalline ﬁlms (SCFs)
using the liquid phase epitaxy (LPE) method for application in the
optoelectronic devices such as the blue LED converters and laser media.
In this work, we present the new systematic results on comparative
investigation of the luminescent properties of the SCFs of Ce3+ doped
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Ca3Sc2Si3O12:Ce and Ca2RMgScSi3O12 silicate garnets, grown by the
LPE method, which can be used for producing high power ﬁlm or ﬁlm-
substrate WLED converters. At present the development of such type of
phosphors is a very prospective trend in the solid-state lighting tech-
nology, especially when taking into account the fact that only phos-
phors based on crystal or ceramic of YAG:Ce garnet are now accessible
for manufacturing high power WLED under blue LED excitations [2,3].
Meanwhile, we also look at the SCFs of rare-earth and transition metal
doped Ca3Sc2Si3O12 and Ca2YMgScSi3O12 garnets and other garnet
compounds of this family as prospective materials for the creation of
new SCF scintillators and cathodoluminescent screens [16,17].
2. LPE growth of Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12 SCFs and
experimental technique
Two optically perfect SCF samples with nominal compositions
Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12 with a thickness of 12 and
24 µm, respectively, were prepared using the LPE method (Table 1).
The ﬁlms were crystallized at temperatures in the 975–990 °C range
from the respective melt–solution based on PbO-B2O3 ﬂux onto YAG
and Gd3Ga2.5Al2.5O12 (GAGG) substrates, with a lattice constant of
12.005 and 12.228 Ȧ and orientation close to (110) and (100), re-
spectively. The Ce3+ concentration in Ca3Sc2Si3O12:Ce and
Ca2YMgScSi3O12 SCF samples was 0.075 and 0.095 at%, respectively.
The details of the preparation of these samples have been presented in
works [16,18], respectively.
For the characterization of the optical properties of Ca3Sc2Si3O12:Ce
and Ca2YMgScSi3O12 SCFs, the cathodoluminescence (CL) (Fig. 1) and
photoluminescence (PL) spectra (Figs. 2–5), PL excitation spectra
(Fig. 6 and Table 1) and PL decay kinetics (Fig. 7 and Table 2) were
used. The CL spectra were measured using an electron microscope SEM
JEOL JSM-820, additionally equipped with a spectrometer Ocean
Electronics and TE-cooled CCD detector working in the 200–925 nm
range. The PL emission and excitation spectra of the SCFs were mea-
sured using an Edinburgh Instruments FLSP920 UV–vis–NIR
spectrometer setup. A 450W xenon lamp was used as steady state ex-
citation source. A Hamamatsu R928P photomultiplier tube was used to
detect the emission signal in the near UV to visible range. All mea-
surements were carried out at a step size of 1 nm. The emission spectra
presented in the manuscript have been corrected for detector response.
The PL decay kinetic was measured using a Supercontinuum white light
laser for TCSPC (Time Correlated Single Photon Counting). All lumi-
nescence measurements were performed at room temperature (RT).
3. Luminescent properties of Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12
SCFs
3.1. CL spectra
The CL spectra of Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce SCF
samples are shown in Fig. 1 in comparison with the reference YAG:Ce
SCF. The dominant luminescence band peaked at 509 nm in
Ca3Sc3Si3O12:Ce (Fig. 1, curves 1) and at 545 nm in Ca2YMgScSi3O12:Ce
(Fig. 1, curves 2) corresponds to the 5d1→ 4f(2F5/2;7/2) transitions of
Ce3+ ion in these garnet hosts. As can see from Fig. 1, the Ca2+, Sc3+
and Si4+ substitution of Y3+ and Al3+ cations correspondingly in the
dodecahedral, octahedral and tetrahedral positions of Y3Al5O12 host,
leads to a signiﬁcant shift of the Ce3+ emission band in the blue range
from 534 to 509 nm. On the contrary, the Y3+ and Mg2+ substitution of
Ca2+ and Sc3+ cations correspondingly in the dodecahedral and octa-
hedral positions of Ca3Sc2Si3O12 host, leads to a signiﬁcant shift of the
Ce3+ emission band in the red range from 509 to 545 nm. In general,
the mentioned results can be an indication of smaller or larger crystal
ﬁeld strength in the dodecahedral positions of Ca3Sc2Si3O12 and
Ca2YMgScSi3O12 garnet lattices, respectively, where the Ce3+ ions are
localized. Meanwhile, in comparison with the CL spectrum of YAG:Ce
SCFs, the CL spectrum of Ca3Sc2Si3O12:Ce and especially
Ca2YMgScSi3O12:Ce SCFs possesses the much broader Ce3+ related lu-
minescence bands with the larger FWHM (0.411 and 0.465 eV, re-
spectively) than a FHWM value of 0.396 eV in YAG:Ce SCFs. For this
reason, we presuppose also the Ce3+ multicenter formation not only in
the Ca2YMgScSi3O12:Ce [16,17] but in the Ca3Sc2Si3O12:Ce garnet as
well.
Apart from the luminescence of Ce3+ ions, other emission bands in
the UV range are also present in the CL spectra of Ca3Sc2Si3O12:Ce and
Ca2YMgScSi3O12:Ce SCF samples. The main UV bands are peaked at
316 and 385 nm in Ca3Sc2Si3O12:Ce SCF and at 383 nm with a bump at
approximately 320 nm in Ca2YMgScSi3O12:Ce SCF. The sharp peak at
317 nm corresponds to Gd3+ trace impurity. The similar wide low-in-
tensity bands in the UV range in the Ca2+-Mg2+ and Si4+ based garnets
in works [19,20] were usually related to the luminescence of defect
centers. In our opinion, a large concentration of the oxygen vacancies is
expected in the Ca2+-Mg2+-Si4+ based garnets due to the possible
deviation in the Ca2+, Mg2+ and Si4+ contents and necessity of the
local charge compensation of these cations even in the case of SCFs
grown in air (oxygen containing atmosphere). It is important to note
here, that these band are fully absent in the CL spectra of YAG:Ce SCF
sample containing only 3+ valence cations (Fig. 1, curve 3). Taking
into account recently published data on the luminescence of charged
oxygen vacancies in the diﬀerent oxide compounds [21–23], the
emission bands in the 383–385 nm range can correspond to the lumi-
nescence of F centers (two charged oxygen vacancies) in the garnet
hosts under study when the emission in the high-energy band in the
316–320 nm range can correspond to the luminescence of the F+ (one
charged oxygen vacancy).
3.2. PL emission and excitation spectra
The PL spectra of Ca3Sc2Si3O12:Ce and Ca2YMgSc Si3O12:Ce SCFs
under diﬀerent excitation wavelengths ranging between 410 and
470 nm and 420–485 nm in the vicinity of respective Ce3+ absorption
Table 1
Spectral characteristics of the diﬀerent Ce3+ multicenters in Ca3Sc3Si3O12:Ce
and Ca2YMgScSi3O12:Ce garnets.
Garnet type Type of
centers
Maximum of
dominant
emission
band, nm
Position of
E2 and E1
excitation
bands, nm
ΔE=E2-
E1, eV
Stokes
shift,
eV
Ca3Sc3Si3O12:Ce Ce1 501 329; 447 0.993 0.299
Ce2 518 340; 452 0.868 0.349
Ca2YMgScSi3O12:Ce Ce1 528 337; 457 0.965 0.364
Ce2 546 338; 464 0.995 0.401
Ce3 567 332; 464.5 1.064 0.482
Fig. 1. Normalized CL spectra of Ca3Sc2Si3O12:Ce (1) and Ca2YMgScSi3O12:Ce
(2) SCFs in comparison with the reference YAG:Ce SCF (3).
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bands are shown in the Fig. 2a and b, respectively.
The PL spectra of both Ca3Sc3Si3O12:Ce and Ca2LuMgScSi3O12:Ce
SCFs show intensive luminescence in the form of wide bands peaked in
the blue and yellow-orange range, respectively, which are related to the
5d1→4 f(2F5/2,7/2) transitions of Ce3+ ions. Meanwhile, the PL spectra
of Ca2YMgScSi3O12:Ce SCF are signiﬁcantly (about 45 nm) red shifted
and slightly narrowed (FWHM=0.467 eV) with respect to the spectra
of Ca3Sc3Si3O12:Ce SCF (FWHM=0.479 eV) (Fig. 2a and b, curve 1,
respectively). The red shift of the main maxima of PL spectra and in-
tensity in the peak positions of Ca3Sc3Si3O12:Ce and Ca3Sc3Si3O12:Ce
SCF occur non-monotonically with the increasing the excitation wave-
length (Fig. 3a and b, curves2, respectively) in comparison with the
similar dependences for YAG:Ce SCF sample (not shown in Fig. 3).
The comparison of the normalized PL spectra of Ca3Sc2Si3O12:Ce
and Ca2YMgScSi3O12:Ce SCFs is presented in Fig. 4 and Fig. 5, re-
spectively, to conﬁrm the above mentioned conclusion on the formation
of the Ce3+ multicenters in these garnets. Namely, the PL spectra of
Ca3Sc2Si3O12:Ce SCFs under excitation in the long-wavelength and
high-wavelength winds of the Ce3+ related band at 410 nm and
470 nm, demonstrate the two pairs of Ce3+ emission bands peaked at
501 and 530 nm and 518 and 540 nm (Fig. 4), related mainly to the
diﬀerent Ce1 and Ce2 centers, respectively. At the same time, the
multicenter emission of Ce3+ centers is more clearly observed in the
normalized PL spectra of Ca2YMgScSi3O12:Ce SCFs at diﬀerent excita-
tion wavelengths in the 420–465 nm and 470–485 nm ranges (Fig. 5a
and b, respectively). Due to the diﬀerences in the maximum positions of
the Ce3+ emission bands at 528 and 548 nm under excitation at
420 nm; at 550 and 575 nm under
excitation at 465 nm, and at 567 and 598 nm under excitation at
485 nm, we can separate at least three Ce3+ emission centers (denoted as
Ce1, Ce2 and Ce3, respectively) in the PL spectra of this garnet (Fig. 5a
and b).
The normalized excitation spectra of the Ce3+ luminescence in
Fig. 2. PL spectra of Ca3Sc2Si3O12:Ce (a) and Ca2YMgScSi3O12:Ce SCF (b) SCFs under diﬀerent excitation wavelengths in the 410–465 nm (a) and 420–485 nm (b)
ranges in the vicinity of E1 excitation band of Ce3+ ions.
Fig. 3. Dependences of the maxima (a) and intensities (b) in the peak positions of Ce3+ emission bands on the excitation wavelength in Ca3Sc2Si3O12:Ce (1) and
Ca2YMgScSi3O12:Ce (2) SCFs.
Fig. 4. Normalized PL spectra of Ca3Sc2Si3O12:Ce SCF under excitation at dif-
ferent wavelengths in the 420–470 nm range.
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Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce SCF samples are shown in
Fig. 6a and b, respectively. In these spectra, the most intensive ex-
citation bands E1 and E2, peaked in the 447–464.5 nm (E1) and
329–344 nm (E2) ranges, are attributed to the intrinsic transitions from
the 4 f(2F5/2) level of the ground state to the 5d (2E) excited level of
Ce3+ ions. The excitation bands peaked at 305–310 nm (B1 bands) and
271–277 nm (B2 bands) are also observed in the excitation spectra of
Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce SCFs (Fig. 6a and b). These
excitation bands are not related to the intrinsic transitions of Ce3+ ions
and probably correspond to the excitation of the Ce3+ luminescence by
the emission of defects centers or emission of Pb2+ ﬂux related im-
purity [16,17].
In the frame of the assumption of the Ce3+ multicenters formation
in the Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce SCFs, the variation in
the position of E1 bands, peaked at 447–452 nm and 457–464.5 nm
ranges, respectively, and E2 excitation bands peaked in the 329–344 nm
and 332–338 nm ranges, respectively, can be related to the lumines-
cence excitation of the diﬀerent Ce3+ based centers in these garnets.
Namely, the multicenter emission of Ce3+ ions in the Ca3Sc2Si3O12:Ce
and Ca2YMg ScSi3O12:Ce SCFs are clearly observed in the PL excitation
spectra when recording the emission at diﬀerent wavelengths (Fig. 6a
and b, respectively). The diﬀerent observed maxima of the PL excitation
bands (Fig. 6a and b) can be related to the Ce3+ multicenter lumines-
cence in the dodecahedral sites of the garnet lattice with various oxygen
and cation surroundings in the second coordination sphere and the
diﬀerent crystal ﬁeld strength, which is proportional to the value
ΔE=E2 - E1 between the energies of positions of the 4f-5d1,2 Ce3+
excitation bands. Speciﬁcally, from the excitation spectra of the Ce3+
luminescence, registered at 500 nm and 650 nm in Ca3Sc2Si3O12:Ce
SCFs, we have found that the ΔE value for the ﬁrst possible Ce3+ center
(Ce1) in this garnet is equal to 0.993 eV for excitation bands peaked at
447 and 329 nm, when for the second Ce3+ center (Ce2) such a value is
notably less and equal to 0.868 eV for the excitation bands peaked at
452 and 344 nm (Table 1).
From the excitation spectra of the Ce3+ luminescence for
Ca2YMgScSi3O12:Ce SCF, registered at 500 and 615 nm (Fig. 6b, curves
1 and 2, respectively), we have found that the ΔE value for the ﬁrst Ce1
center in this garnet is equal to 0.965 eV for excitation bands peaked at
457 and 337 nm (curve 1), when for the second Ce2 center such a value
is equal to 0.995 eV for the excitation bands peaked at 464 nm and
338 nm (curve 2). The third center Ce3 center is also observed in the
excitation spectra of the Ce3+ luminescence of Ca2YMgScSi3O12:Ce at
675 nm, and the ΔE value for this Ce3+ center is equal to 1.064 eV for
the excitation bands peaked at 464.5 and 332 nm (Fig. 6b, curve 3).
The Stokes shift of the diﬀerent Ce3+ emission centers observed in
the Ca3Sc3Si3O12:Ce garnet in 0.299–0.349 eV range is considerably less
than that of YAG:Ce garnet (0.405 eV) [16]. In the case of
Ca2YMgScSi3O12:Ce garnet, the Stokes shift for diﬀerent Ce3+ multi-
centers lies in the 0.364–0.482 eV range (see Table 1). In general, the
analysis of the Stokes shift observed for diﬀerent Ce3+ emission centers
in mixed garnet compounds is a complicated task due to the fact that
the observed shift of emission and excitation bands can correspond to
some averaged values of the Stokes shifts of several Ce3+ centers with
diﬀerent local environment [24,25]. An additional increase of the
Stokes shift can also origin from the overlapping of broadened emission
bands corresponding to the two components of Ce3+ 5d-4f (2F5/2;7/2)
Fig. 5. Normalized PL spectra of Ca2YMgScSi3O12:Ce SCFs under excitation at diﬀerent wavelengths in the 420–465 nm (a) and 470–485 nm (b) ranges.
Fig. 6. Normalized excitation spectra (in logarithmic scale) of Ce3+ luminescence at diﬀerent wavelengths in Ca3Sc2Si3O12:Ce (a) and Ca2YMgScSi3O12:Ce (b) SCFs.
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transitions [24].
The decay kinetics of the Ce3+ luminescence in the Ca3Sc2Si3O12:Ce
and Ca2YMgScSi3O12:Ce SCFs under excitation at diﬀerent wavelengths
in E1 Ce3+ related band in the 410–460 nm and 420–470 nm ranges, is
shown in Fig. 7a and b, respectively. Similarly to other Ca2+-Si4+ based
garnets [5,26,27], the decay kinetics of the Ce3+ emission in
Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce SCFs is strongly non-ex-
ponential. For these reason the three-exponential ﬁt of the decay curves
was used for the qualitative description of the luminescence timing
properties (Table 2). It is necessary to note here that the initial part of
the decay curves (0–1.5) is compatible with the duration of the ex-
citation pulse, therefore the ultrafast components with decay time va-
lues τ0 in the 0.45–1.5 ns range in the decay curve approximations
(Table 2) do not possess any physical meaning.
Although such three-exponential approximation does not describe
correctly the luminescence decay behavior in the case of quenching due
to the energy transfer, the decay time values can be considered as an
estimation of the luminescence decay times of the respective Ce3+
multicenters. Namely, the decay kinetics of the Ce3+ luminescence in
Ca3Sc2Si3O12:Ce SCFs (Fig. 7a) and Ca2YMgScSi3O12:Ce SCFs (Fig. 7b)
can be presented by the two main components with diﬀerent decay
times: fast components with a decay time of τ1 = 5.4–6.3 ns and
4.9–13.6 ns, respectively, and slow components with a decay time of τ2
= 32.8–36.5 ns and 33.8–104 ns, respectively, related to the diﬀerent
Ce3+ multicenters. The decay kinetics of the luminescence in these SCF
samples at registration in the diﬀerent parts of the Ce3+ emission bands
(Fig. 7a and b) conﬁrms this conclusion. Namely, the values of the
decay times τfast and τslow of the Ce3+ luminescence in Ca3Sc2Si3O12:Ce
SCF, registered at 504 and 510 nm, increase from 5.4 and 33.8 ns to 6.3
and 36.5 ns under excitation of the luminescence at 410 and 460 nm,
respectively (Table 2). For Ca2YMgScSi3O12:Ce SCF, the values of the
decay times τfast and τslow of the Ce3+ luminescence, registered at 526,
543 and 552 nm, also systematically increase from 4.9 and 33.8 ns to
7.3 and 35.1 ns and ﬁnally to 13.6 and 104 ns under excitation of the
luminescence at 420, 455 and 470 nm, respectively (Table 2).
Such behavior of the decay curves in Ca3Sc2Si3O12:Ce and
Ca2YMgScSi3O12:Ce SCFs can indicate also the possible energy transfer
from high-energy to low-energy Ce3+ emitting centers in these garnets
[24,25]. The diﬀerent decay times in Ca3Sc2Si3O12:Ce SCF can corre-
spond to the diﬀerent Ce3+ centers in the dodecahedral positions of the
garnet lattice with various local surroundings by oxygen and cations
(Sc3+ and Si4+ ions in the octahedral and tetrahedral positions, re-
spectively). Such Ce3+ multicenters formation in Ca2YMgSc Si3O12:Ce
garnet is much more variable due to the substitution by Ce3+ ions of
Ca2+ and Y3+ cations in the dodecahedral positions of the garnet host.
4. Discussion
In the simple garnets such as {Y}3[Al]2(Al)3O12:Ce (YAG:Ce), each
Y3+ (or Ce3+) dodecahedron YO8 is surrounded by 4 other dodecahe-
drons, 4 octahedrons AlO6, and 2 tetrahedrons AlO4 by shared edges
and 4 other tetrahedrons AlO4 by shared vertices. In the mixed garnet
compounds with cationic substitution of Al3+ cations in the octahedral
and tetrahedral positions, the local environment of the Ce3+ in dode-
cahedral sites can be diﬀerent. Namely, in the Ca3Sc2Si3O12:Ce and
Ca3ScMgSi3O12:Ce garnets, the all or half of octahedral sites in the
garnet lattice will be occupied by Sc3+ and Mg2+ ions, respectively,
where all tetrahedral sites will be occupied by Si4+. Meanwhile, the
octahedral and tetrahedral sites, neighboring to Ce3+ ions in the do-
decahedral position of Ca2+ or in Ca2+ and Y3+ cations, can be occu-
pied by various combinations of Mg2+, Sc3+ and Si4+ ions which are
statistically distributed in the garnet lattice. Meanwhile, it is usually
supposed that the [Mg2+]-(Si4+) pair preferentially substitutes of
neighbor sites in the garnet lattice [13]. These two ions can occupy two
neighbor sites around Ce3+ ions or only one ion occupies the neighbor
site but another ion is located in the second coordination sphere. The
diﬀerent combinations of local environment create various local dis-
tortions of the Ce3+ in the dodecahedral positions, and results in the
site-to-site variation of the crystal ﬁeld strength at diﬀerent Ce3+ ions.
Taking into account the fact that splitting of the 5d energy levels of
Ce3+ ions strongly depends on the crystal ﬁeld strength and site sym-
metry, the appearance of the multicity of Ce3+ centers with diﬀerent
energies of the lowest 5d levels is expected in such mixed garnets. As a
result, the emission and excitation spectra of Ce3+ ions in the mixed
garnets usually consist of several overlapping bands, shifted with re-
spect to each other to both low and high energies. Meanwhile, the
maximum of the Ce3+ luminescence band and its shape are determined
by the statistical distribution for the polyhedron distortion proportional
Fig. 7. Normalized Ce3+ PL decay kinetics in (a) Ca3Sc2Si3O12:Ce SCFs (a), observed at 504 (1a) and 560 nm (2a) when excited at 410 nm (1a) and 460 nm (2a),
respectively, and Ca2YMgScSi3O12:Ce SCFs (b), observed at 526 nm (1b), 543 nm (2b) and 552 nm (3b) when excited at 420 nm (1b), 455 nm (2b) and 470 nm (3b),
respectively.
Table 2
Decay times of the fast and slow components of the Ce3+ luminescence in
Ca3Sc3Si3O12:Ce and Ca2YMgScSi3O12:Ce SCFs under excitation at diﬀerent
wavelengths in the 410–460 nm and 420–470 nm ranges, and registration of
emission in the 510–560 nm and 526–552 nm ranges, respectively.
Garnet type Excitation, nm Emission, nm τ0, ns τfast, ns τslow, ns
Ca3Sc3Si3O12:Ce 410 510 1.5 5.4 32.8
460 560 0.8 6.3 36.5
Ca2YMgScSi3O12:Ce 420 526 0.8 4.9 33.8
455 543 1.0 7.3 45.1
470 552 1.4 13.6 104
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to the distortion parameter d88/d81 [28]. The variation in values of this
parameter is diﬀerent for various garnet compounds, and strongly de-
pends on the conditions of their preparation.
Such behavior of the Ce3+ luminescence in mixed garnets can be
considered as the inhomogeneous shift of the ﬁrst 5d excited level of Ce3+
ions due to the structural disorders around the Ce3+ dodecahedral sites.
This eﬀect also results in rather large inhomogeneous broadening of the
Ce3+ emission and excitation bands in mixed garnets compare to the
YAG:Ce. Namely, this broadening usually excludes the separation of
two emission sub-bands of Ce3+ ions corresponding to the 5d1→2F5/2,7/
2 transitions in the emission spectra of these garnets.
In Ce3+ doped mixed garnets [24,25] and other Si based compounds
[29] we can also assume the presence of an eﬀective energy transfer
between diﬀerent Ce3+ centers. As can be seen in Table 2, the decay
times of the slow component Ce3+ emission in Ca3Sc3Si3O12:Ce and
Ca2YMgScSi3O12:Ce SCFs are in the range of several tens of nanose-
conds as expected for the allowed 5d-4f Ce3+ transitions in garnets [5].
According to the dependence of transition probabilities on the emission
wavelength, the longest decay time is observed for the Ce2 and Ce3
centers having the longest-wavelength emission (see also [24,25]). On
the other hand, as can be seen in Fig. 6a and b, all the decay curves
show the non-exponential behavior with a rapid initial stage of decay,
which is characteristic for presence of emission quenching due to the
speciﬁc energy transfer from excited levels of Ce3+ emission centers.
This quenching can be due to the energy transfer between diﬀerent
emission centers, namely, from the Ce3+ centers with higher energy 5d1
level to the centers with lower energy 5d1 level. This eﬀect shifts the
maximum of the luminescence intensity to the long-wavelength range
and results in an additional extension of the Ce3+ luminescence band.
It is important to note here that such a multicenter formation be-
havior of the Ca2YMgScSi3O12:Ce SCFs is very suitable for extending the
range of the Ce3+ luminescence in Ca2+-Mg2+-Si4+ based phosphors
and can be used for the creation of eﬀective white converters with
improved content of the red emission component. Namely, the CIE1931
chromaticity coordinates (x, y) for the PL spectra of the
Ca2YMgScSi3O12:Ce SCFs were 0.48 and 0.495 in comparison with 0.35
and 0.52 for the Ca3Sc2Si3O12:Ce SCFs, under excitation at the same
wavelength of 450 nm (Fig. 5b and a, respectively).
5. Conclusion
Comparison of the luminescent properties of Ca3Sc2Si3O12:Ce and
Ca2YMgScSi3O12:Ce single crystalline ﬁlms (SCFs) phosphors, grown by
liquid phase epitaxy method from PbO-B2O3 ﬂux onto YAG and GAGG
substrates, respectively, were performed for the ﬁrst time in this work.
We have also observed the formation of the Ce3+ multicenters in the
Ca3Sc2Si3O12:Ce and Ca2YMgScSi3O12:Ce SCFs in the emission and ex-
citation spectra, as well as in the decay kinetics of the Ce3+ lumines-
cence. Such Ce3+ multicenters possess diﬀerent local surroundings and
crystal ﬁeld strengths due to inhomogeneity in local environments of
the dodecahedral positions of the garnet host at substitution of the
octahedral positions by hetero-valence Mg2+ and Sc3+ ions and the
tetrahedral positions by Si4+ ions.
We have observed the positive trends in variations of the spectro-
scopic behavior of the Ca2YMgScSi3O12:Ce garnet in comparison with
Ca3Sc2Si3O12:Ce due to substitution of the dodecahedral sites of the
garnet host by Y3+ ions and the octahedral sites by Mg2+ ions, which
can be suitable for the development of white converters based on the
compounds under study. Speciﬁcally, due to the Y3+-Mg2+ doping, the
luminescence spectrum of Ce3+ ions in the Ca2YMgScSi3O12:Ce cera-
mics signiﬁcantly extends to the red range due to larger crystal ﬁeld
strength in the dodecahedral positions of the garnet lattice in
comparison with the Ca3Sc2Si3O12:Ce garnet.
Taking into account spectroscopic behavior of the above mentioned
compounds, the future development and spectroscopic investigation of
the Ca3MgScSi3O12 and Ca2YMgScSi3O12 silicate garnets, having the
dodecahedral and octahedral sites for simultaneous localization of Ce3+
and other rare-earth and transition metal ions in the diﬀerent valence
states can open a very rich perspective for designing a novel generation
of ceramic, ﬁlm or ﬁlm-crystal garnet phosphors for WLED converters.
The SCFs of these garnets are very interning also for the creation of
cathodoluminescent and scintillation screens and laser media as well.
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